wo 2005/068476 



1 



PCT/US2004/043006 



Grignard Processes With Increased Content of Diphenylchlorosilanes 
CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] None. 

5 

DESCRIPTION 

[0002] This invention is related to Grignard processes for preparing phenyl-containing 
chlorosilane products. In particular, it relates to Grignard processes in which the yield of 
diphenylchlorosilanes as a product is maximized, and the yield of phenylchlorosilanes as a 

10 product is minimized. 

[0003] In copending US Patent Application Serial No. 10/1 17,259, filed on April 4, 2002, 
entitled "Process for Preparing Phenylorganosilicon Intermediates" (the '259 application 
hereafter), assigned to the same assignee as the present invention, a Grignard process is 
described in which the yield of phenylchlorosilanes as a product is maximized and the yield 

15 of diphenylchlorosilanes as a product is minimized. In fact, the diphenylchlorosilanes 
prepared in the '65 1 patent are only present as by-products, 

[0004] This invention in contrast, is characterized in that it seeks to obtain an opposite 
result, i.e., to minimize the yield of phenylchlorosilanes as a product while maximizing the 
yield of diphenylchlorosilanes as a product. Achievement of this goal is obtained by carrying 
20 out the Grignard process using certain mole ratios of the reactants used in the Grignard 
process. 

[0005] This invention is directed to tliree improved Grignard processes for preparing 
phenyl-containing chlorosilane products in which the yield of diphenylchlorosilanes as a 
product is maximized, and the yield of phenylchlorosilanes as a product is minimized. 
25 [0006] In a first normal coupling process embodiment, the process involves contacting a 
phenyl Grignard reagent, an ether solvent, an aromatic halogenated coupling solvent, and a 
trichlorosilane, in a mole ratio of 1/4/3/0.5, respectively. 

[0007] In a second co-coupling process embodiment, the process involves contacting a 
phenyl Grignard reagent, an ether solvent, an aromatic halogenated coupling solvent, a 
30 trichlorosilane, and a phenylchlorosilane, in a mole ratio of 1/4/3/1 .3/0.38, respectively. 
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[0008] In a third direct coupling process embodiment, the process involves contacting a 
phenyl Grignard reagent, an ether solvent, an aromatic halogenated coupling solvent, and a 
phenylchlorosilane, in a mole ratio of 1/4/3/1.1, respectively. 

[0009] In the first embodiment, the mole ratio of the ether solvent to the phenyl Grignard 
5 reagent is 2 to 5, the mole ratio of Ihe aromatic halogenated coupling solvent to the phenyl 
Grignard reagent is 3 to 7, and the mole ratio of the trichlorosilane to the phenyl Grignard 
reagent is 0.1 to 10. In the second embodiment, the mole ratio of the ether solvent to the 
phenyl Grignard reagent is 2 to 5, the mole ratio of the aromatic halogenated coupling solvent 
to the phenyl Grignard reagent is 3 to 7, the mole ratio of the trichlorosilane to the phenyl 
10 Grignard reagent is 0.1 to 10, and the mole ratio of the phenylchlorosiiane to the phenyl 
Grignard reagent is 0.5 to 5. In the third embodiment, the mole ratio of the ether solvent to 
the phenyl Grignard reagent is 2 to 5, the mole ratio of the aromatic halogenated coupling 
solvent to the phenyl Grignard reagent is 3 to 7, and the mole ratio of the phenylchlorosiiane 
to the phenyl Grignard reagent is 0.5 to 5. 
1 5 [0010] These and other features of the invention will become apparent from a consideration 
of the detailed description. 

[0011] As used herein, the term normal coupling refers to reactions of a phenyl Grignard 
reagent chloride with a trichlorosilane; the term co-coupling refers to reactions of the phenyl 
Grignard reagent the trichlorosilane and a phenylchlorosiiane; and the term direct coupling 
20 refers to reactions of the phenyl Grignard reagent with the phenylchlorosiiane 

[0012] The Grignard process according to this invention is illustrated below in chemical 
reactions (I) and (II). Chemical reaction (II) depicts the first embodiment of the invention 
(normal coupling). Chorobenzene is also one of the products in chemical reaction (II) but is 
not shown in chemical reaction (II). 



25 
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10 



[0013] In chemical reaction (I), phenyl chloride/chlorobenzene (PhCl) is combined with 
magnesivim metal (Mg) in the presence of the solvent diethyl ether (CH3CH2-O-CH2CH3), 
to form phenyl magnesium chloride (PhMgCl) in diethyl ether. Phenyl magnesium chloride 
in diethyl ether is then used in chemical reaction (II) where it is combined with 
methyltrichlorosilane (MeSiCls) and the coupling solvent chlorobenzene. The products of 
chemical reaction (H) are phenylmethyldichlorosilane (PhMeSiCl2), 
diphenylmethylchlorosilane (Ph2MeSiCl), magnesium chloride, and chlorobenzene. 
[0014] According to the second embodiment of the invention (co-coupling) depicted below 
as chemical reaction (III), phenylmethyldichlorosilane is added as an additional reactant 
along with methyltrichlorsilane. Chorobenzene is also one of the products in chemical 
reaction (EI) but is not shown in chanical reaction (III). 
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[0015] The third embodiment of the invention (direct coupling) is similar to the first 
embodiment of chemical reaction (II), except that in the third embodiment in chemical 
reaction (IV), phenylmethyldichlorosilane is used instead of methyltrichlorosilane. 
Chorobenzene is also one of the products in chemical reaction (IV) but is not shown in 
chemical reaction 
(IV). 



MgCI 



CI 




MgClg (IV) 



[0016] In the ftrst embodiment of this invention (normal coupling), the mole ratio of 
PhMgCl/ether/chlorobenzene/MeSiCl3 is 1/4/3/0.5, respectively, as compared to the 
10 corresponding mole ratio of PhMgCl/ether/chlorobenzene/MeSiCl3 in the '259 application of 
1/0.08/4/2, in Example 3. 

[0017] In the second embodiment of this invention (co-coupling), the mole ratio of 
PhMgCl/ether/chlorobenzene/MeSiCl3/PhMeSiCl2 is 1/4/3/1.3/0.38, respectively. This co- 
coupling method, however, is not even disclosed in the '259 application. 
1 5 [0018] In the third embodiment of this invention (direct coupling), the mole ratio of 
PhMgCl/ether/chlorobenzene//PhMeSiCl2 is 1/4/3/1,1, respectively. This durect coupling 
method, however, is not even disclosed in the '259 application. 

[0019] It should be noted that there are significant differences between the three processes 
described in this invention in comparison to the single process described in the common 

20 assignee's '259 application. Thus, the mole ratio according to the first embodiment of this 
invention (normal coupling) is different than the mole ratio in the '259 application, and this 
results in an almost three-fold increase in the yield of diphenylmetibiylchlorosilane in 
comparison to the yield of only about 6 percent obtained in the '259 application. In addition, 
neither of the processes of the second embodiment (co-coupling) and of the third 

25 embodiments (direct coupling) are even present in the '259 application. 

[0020] These differences are also significant in that the thrust and focus of the '259 
application is the production of phenylmethyldichlorosilane as the primary and major product 
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of the reaction, whereas the thrust and focus of the present invention is the production of 
diphenylmethylchlorosilane as the desirable product of the three processes. Thus, by 
following the teaching of the method according to the first embodiment of this invention, it is 
possible for one skilled in the art to prepare products of the process containing about 20 
5 percent or more by weight of diphenylmetiiylchlorosilane, as compared to the products 
obtained in the *259 application which contain only about 1-6 percent by weight of 
phenylmethyldichlorosilane. The '259 application is completely silent regarding the second 
and third process embodiments of this invention, 

[0021] Chlorosilanes useful according to the invention have the general formula RaSiX4.a 
10 wherein each R can represent a phenyl group, methyl group, vinyl group, or hydrogen; X 
represents chlorine or bromine; and a has a value of 0, 1, or 2. Some suitable and 
representative chlorosilanes which can be used include silicon tetrachloride, 
methyltrichlorosilane, dimethyldichlorosilane, pihenylmethyldichlorosilane, 
phenyltrichlorosilane, diphenyldichlorosilane, vinyltrichlorosilane, hydridotrichlorosilane, 
1 5 divinyldichlorosilane, methylvinyldichlorosilane, phenylvinyldichlorosilane, 

hydridomethyldichlorosilane, hydridophenyldichlorosilane, hydridovinyldichlorosilane and 
dihydridodichlorosilane. 

[0022] Magnesium metal usefiil in this invention can be any of the forms of the metal 
currently being used in Grignard-type reactions. For example, the metal can be in the form of 

20 a powder, flake, granule, chip, lump, or shaving. Contact of the magnesium metal with the 
phenyl halide can be undertaken in standard type reactors suitable for running Grignard type 
reactions. Thus, the reactor can be a batch, semi-batch, or continuous type reactor. A 
preferred reactor is a continuous reactor. The environment in which the present method is 
carried out should be inert for best results. Therefore, under preferred conditions of the 

25 method, the reactor is purged and blanketed with an inert gas such as nitrogen or argon. 
[0023] Phenyl halides useful in this invention are those of the formula RX wherein R 
represents phenyl and X is a chlorine or bromine atom. The preferred phenyl halide for this 
invention is phenyl chloride (chlorobenzene). Solvents for synthesizing the Grignard reagent 
include dialkyl ethers such as dimethyl ether, diethyl ether, ethylmethyl ether, n-butylmethyl 

30 ether, n-butylethyl ether,, di-n-butyl ether, di-isobutyl ether, isobutylmethyl ether, and 

isobutylethyl ether. The most preferred ether solvent is diethyl ether. Aromatic halogenated 
solvents such as chlorobenzene and 1,4-dichlorobenzene are used as the coupling solvent in 
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the coupling reaction of the phenyl Grignard reagent PhMgCl with MeSiCl3, mixtures of 
MeSiCl3 and PhMeSiCl25 or PhMeSiCl2^ according to the processes of the invention. Phenyl 
Grignard reagents such as PhMgCl can either be synthesized or purchased commercially, as 
desired. 

5 

EXAMPLES 

[0024] The following examples are set forth in order to illustrate the invention in more 
detail. 

10 Example 1 - Normal Coupling Method 

[0025] In this example, the coupling mole ratio was 1/4/3/0.5 of phenylmagnesium 
chloride/diethyl ether/chlorobenzene/methyltrichlorosilane 

(PhMgCl/Et20/C6H5Cl/MeSiCl3). The MeSiCls and the Grignard solution (PhMgCl/Et20) 

used in this example were compositions prepared by an in-house facility. The mole ratio of 
15 the Grignard solution was 1/4 PhMgCl/Et20 with a PhMgCl concentration of 2 mol/L. This 
Grignard solution contained two phases, a liquid phase and a solids phase that settled at the 
bottom. Both the liquid phase and the solid phase were used in this example. Approximately 
250 milliliter of the Grignard solution were transferred to a 500 milliliter addition funnel by 
means of a pxunp. The amount of Grignard solution used was the equivalent of about 0.500 
20 mol of PhMgCl and 2.000 mol of Et20. Then, 37.37 gram (0.25 mol) of MeSiCls and 168.75 

gram (1 .499 mol) of PhCl were added to a 1 000 milliliter round bottom flask. 
[0026] The addition fimnel was connected to a source of nitrogen to provide an inert 
atmosphere for the system and placed on a 500 milliliter three-neck round bottom flask 
containing a magnetic stirrer. The 500 milliliter three-neck round bottom was charged with 

25 the Grignard solution and stirred. From the 500 milliliter three-neck round bottom flask, the 
Grignard solution was pumped into a reactor. Addition of the Grignard solution took place 
over a time period of about ten minutes. The solution turned dark orange brown in color but 
remained in a flowable state throughout the procedure. The maximirai exothermic 
temperature reached was 64 °C. When the agitation was stopped, the settling of solids began 

30 almost immediately. The reaction mixture was allowed to cool and then it was transferred to a 
labeled sample jar. The percent mass recovery was determined to be about 94.90 percent. 
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[0027] Gas Chromatography (GC) analysis of the reaction mixture showed that it contained 
about 20.8 weight percent of the desired component Ph2MeSiCl, and only a small amount, 
i.e., 0.07 weight percent, of PhMeSiCl2 as a by-product. 

5 Example 2 - Co-Coupling Method 

[0028] In this example, the coupling mole ratio was 1/4/3/1.3/0.38 of phenylmagnesium 
chloride/diethyl ether/chlorobenzene/methyltrichlorosilane/phenylmethyldichlorosilane 
(PhMgCl/Et20/C6H5Cl/MeSiCl3/PhMeSiCl2). The MeSiCls and the Grignard solution 
(PhMgCl/Et20) used in this example were compositions prepared by an in-house facility. 

10 The mole ratio of the Grignard solution was 1/4 PhMgCl/Et20 with a PhMgCl concentration 
of 2 mol/L. This Grignard solution contained two phases, a liquid phase and a solids phase 
that settled at the bottom. Both the liquid phase and the solid phase were used in this 
example. Approximately 250 milliliter of the Grignard solution were transferred to a 500 
milliliter addition funnel by means of a pump. The amoimt of Grignard solution used was the 

15 equivalent of about 0.500 mol of PhMgCl and 2.000 mol of Et20. Then, 99.41 gram (0.67 
mol) of MeSiCl3, 36.32 gram (0.19 mol) of PhMeSiCl2, and 168.75 gram (1.499 mol) of 
PhCl were added to a 1000 milliliter round bottom flask. 

[0029] The addition funnel was connected to a source of nitrogen to provide an inert 
atmosphere for the system and placed on a 500 milliliter three-neck round bottom flask 

20 containing a magnetic stirrer. The 500 milliliter three-neck round bottom was charged with 
the Grignard solution and stirred. From the 500 milliliter three-neck round bottom flask, the 
Grignard solution was pumped into a reactor. Addition of the Grignard solution took place 
over a time period of about ten minutes. The solution turned dark orange brown in color but 
remained in a flowable state throughout the procedure. The maximum exothermic 

25 temperature reached was 67 *^C. When the agitation was stopped, the settling of solids began 
almost immediately. The reaction mixture was allowed to cool and then it was transferred to a 
labeled sample jar. The percent mass recovery was determined to be about 94.1 1 percent. 
[0030] Gas Chromatography (GC) analysis of the reaction mixture showed that it contained 
about 2.9 weight percent of the desired component Ph2MeSiCl, and about 29.7 weight 

30 percent of PhMeSiCl2. In this co-coupling method, the weight ratio of 
PhMeSiCl2/Ph2MeSiCl was 0.1. 
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Example 3 - Direct Coupling Method 

[0031] In this example, the coupling mole ratio was 1/4/3/1 . 1 of phenylmagnesixrai 
cWoride/diethylether/chlorobenzene/phenylmethyldichlorosilane 

5 (PhMgCl/Et20/C6H5Cl/PhMeSiCl2). The MeSiCls and the Grignard solution 

(PhMgCl/Et20) used in this example were compositions prepared by an in-house facility. 
The mole ratio of the Grignard solution was 1/4 PhMgCl/Et20 with a PhMgCl concentration 
of 2 mol/L. This Grignard solution contained two phases, a liquid phase and a solids phase 
that settled at the bottom. Both the liquid phase and the solid phase were used in this 

1 0 example. Approximately 250 milliliter of the Grignard solution were transferred to a 500 

milliliter addition funnel by means of a pump. The amount of Grignard solution used was the 
equivalent of about 0.500 mol of PhMgCl and 2.000 mol of Et20. Then, 105.127 gram (0.55 
mol) of PliMeSiCl2 and 168.75 gram (1.499 mol) of PhCl were added to a 1000 milliliter 
round bottom flask. 

1 5 [0032] The addition funnel was connected to a source of nitrogen to provide an inert 
atmosphere for the system and placed on a 500 milliliter three-neck round bottom flask 
containing a magnetic stirrer. The 500 milliliter three-neck round bottom was charged with 
the Grignard solution and stirred- From the 500 milliliter three-neck round bottom flask, the 
Grignard solution was pumped into a reactor. Addition of the Grignard solution took place 

20 over a tune period of about 10.5 minutes. The solution turned dark orange brown in color but 
remained in a flowable state throughout the procedure. The maximum exothermic 
temperature reached was 62 °C. When the agitation was stopped, the settling of solids began 
almost immediately. The reaction mixture was allowed to cool and then it was transferred to a 
labeled sample jar. The percent mass recovery was determined to be about 92. 11 percent. 

25 [0033] Gas Chromatography (GC) analysis of the reaction mixture showed that it contained 
about 12.18 weight percent of the desired component Ph2MeSiCl, and about 3.6 weight 
percent of PhMeSiCl2. In this direct coupling method, the weight ratio of 
PhMeSiCl2/Ph2MeSiCl was 3.4. 

[0034] Those skilled in the art are cognizant of the fact that it is both difficult and not easily 
30 obtainable, to increase the formation of Ph2MeSiCl by a normal coupling reaction of PhMgCl 
with MeSiCl3, or by a co-coupling reaction of PhMgCl with MeSiCl3 and PhMeSiCl2, or by 
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a direct coupling reaction of PhMgCl with PhMeSiCl2. Contrary to the art however, it has 
been unexpectedly discovered according to this invention, that by changing the ratio of 
PhMgCl/MeSiCl3 (noimal-coupling), or PhMgCl/MeSiCl3/PhMeSiCl2 (co-coupling), or 
PhMgCl/PhMeSiCl2 (direct coupling), it is possible to not only improve, but to actually 

5 increase the production of Ph2MeSiCl. This is significant, since it now enables those skilled 
in the art to increase and maximize production of Ph2MeSiCl, while at the same time 
minimizing production of PhMeSiCl2, by a process not heretofore known. 
[0035] Other variations may be made in compounds, compositions, and methods described 
herein without departing from the essential features of the invention. The embodiments of the 

10 invention specifically illustrated herein are exemplary only and not intended as limitations on 
their scope except as defined in the appended claims. 
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